By using a piezoelectric sensor, it was demonstrated that the visual evoked potential of a rat brain was accompanied by mechanical movements of the brain when it was excited. A phase of upward movement was found to be followed by a phase of downward movement. The largest upward movement was a rise in swelling pressure on the order of 100 µg, which was about 40 times larger than that of the bullfrog sympathetic ganglion. The waves of mechanical movements were more complicated than those of the evoked potentials. These findings are thought to be due to the fact that the evoked potentials are propagated from the immediate surroundings of the sensor, while the mechanical signals are produced from anywhere beneath the piezo sensor. The mechanisms of mechanical movements propagated in the brain by electrical stimulation are discussed.
Introduction
Evoked potentials are systemic events generated by the whole brain, and have been 
Materials and Methods

Perfusion of the rat brain
Perfused rat brain was induced using a modification [13] of the procedure described by Andjus et al [14] . One day prior to the experiments, both vertebral arteries of a rat, weighing between 250 and 300 g, were electrocauterized with a monopolar coagulator at the first cervical vertebra.
Under Nembutal (Sigma Chemical Co., St. Louis, MI, USA) and ether anesthesia, the perfusion fluid, perfluochemical blood substitutes, FC-43 Emulsion (Green Cross Corp., Osaka, Japan), mixed with a stream of gas (5% CO 2 , 95% O 2 ), and monitored by a manometer (100 mmHg), were perfused into both pterygopalatine arteries, by way of both external carotid arteries. At the same time the external jugular veins were opened. At the time both respiration and heartbeat stopped. The rat was then fixed to a stereotaxic instrument. All the measurements were carried out at 30~32 degrees Celsius. The time required to fall to the resting level was usually between 300 and 400 ms.
Detection
Results
Discussion
We detected dynamic and integrated mechanical changes of the brain associated with the visual evoked potential. It is noteworthy that the brain employed was that of a mammal, the rat.
A variety of excitable cells were found to swell first and shrink later when they are excited.
Tasaki et al. [7]-[10] have reported mechanical
changes of nerve fibers and synapses, which are components of the brain system, and thus these components may cause mechanical changes directly to the rat brain or other components in addition to direct effects that may drive the mechanical changes, for example, nicotinic acetylcholine receptors, the swelling with large conformational changes which we previously described [18] .
The possible mechanism of the volume change is that inner hydrophobic sites of the acetylcholine receptor [18] and of underlining actin filaments [19] 
and a neuron has several thousand to several ten thousand spines (in this calculation, 3 x 10 4 was regarded as the number of spines per neuron [20] ).
One spine, that is synapse, contains a few thousand receptors of postsynaptic density (PSD) in the surface and underlining actin filaments. These functioning molecules, receptors [18] and actin filaments [19] , expose their inner hydrophobic sites, removing surrounding water molecules, as described above. In order to calculate the swelling volume, we assume that the spine size is about 1 µm diameter and the outer side and inner side of surface receptors, and of actin filaments remove surrounding water molecules, each at 2 nm depth [7] , [18] . Thus, the volume change per spine is 4 x 0.002 x 1 (length; µm) x 1 (transverse; µm) (µm 3 ). The swelling per neuron is 4 x 0.002 x 3 x 10 4 (µm 3 ). Thus, the swelling volume of one rat brain is 4 x 0.002 x 3 x 10 4 x 10 8 (µm 3 ).
As the volume of the rat brain is estimated as a 10 mm diameter globe, the volume change, C, is a solution to the following function: observed [20] . The mechanisms of size increase are unknown, but the mechanism described above would be reasonable.
Various cells and tissues move mechanically when they are excited. These phenomena are general and suggest that these mechanisms should be included in models of the interaction of macromolecules, e.g., in the "rotation model" [18] , [19] , [21] - [31] and corroborative evidence of this model recently [32] .
Further experimental studies are required in order to clarify the significance of the phenomenon of swelling described in this report, which might be compared to swelling in fumarase catalysis [33] , of polyelectrolyte gels [34] , of artificial membranes [35] , and of charged membranes [36] , as studied by many investigators.
This study was carried out in accordance with the Guidelines for Animal Experimentation, Tohoku University and Tohoku University School of Medicine.
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